again we must conclude that the temperature derivative of the shear modulus must be at least three times that of the bulk modulus.
Whereas the absolute value of the mantle shear modulus can be reconciled by much higher temperatures than we assumed or by a lower mantle Fe/Fe+Mg ratio of at least 0.3, the only conclusion that is also consistent with the seismic tomography is that the lower mantle exhibits an unusually large apparent temperature derivative of the shear modulus as compared to that of the bulk modulus. Recent workers have calculated (16) that this ratio cannot exceed unity if perovskite behaves as a normal refractory ceramic with a close-packed oxygen framework. A ferroelastic phase transformation could allow the effective temperature derivative of the shear modulus to be very large, which would account for all of these observations. Such a large negative value will result if the mantle temperature is sufficiently close to that required for a ferroelasticparaelastic phase transformation in the perovskite phase, so as to induce significant shear mode softening. These transformations are common in perovskite-type compounds and have been predicted theoretically for MgSiO3 (17) . These phase transformations typically have shallow Clapeyron slopes that could conceivably be parallel to the geothermal gradient. Because other physical properties, including thermal expansion and rheology, will be affected by these transformations, we need to broaden our understanding of this phenomena to determine the physical and chemical properties of the earth's lower mantle.
The Manganese Site of the Photosynthetic Water-Splitting Enzyme GRAHAM N. GEORGE, ROGER C. PRINCE, STEPHEN P. CRAMER As the originator of the oxygen in our atmosphere, the photosynthetic water-splitting enzyme of chloroplasts is vital for aerobic life on the earth. It has a manganese cluster at its active site, but it is poorly understood at the molecular level. Polarized synchrotron radiation was used to examine the x-ray absorption of manganese in oriented chloroplasts. The manganese site, in the "resting" (Si) state, is an asymmetric cluster, which probably contains four manganese atoms, with interatomic separations of 2.7 and 3. 
ls-*3d(T2) transitions because of extensive p-d mixing (14)
. The weak ls-*3d transition suggests that the Mn sites do not approach tetrahedral geometry. Some angular dependence of the ls-*3d feature is apparent, the shape changing from a shoulder-like structure at 900 to an isolated peak at 150. Furthermore, the features at 6557 and 6564 eV at 15? are replaced by a single broad feature at 6560 eV at 900. Although a quantitative interpretation of these spectra must await single-crystal data from model compounds, the presence of such well-defined dichroism indicates unambiguously that the Mn cluster in the Si state is highly oriented within the membrane but is not a highly symmetric structure such as a cube. The peak in the EXAFS Fourier transform (Fig. lb) (Fig. lb) , displays an orientation dependence that is not explained by Eq. 1. We conclude that it arises from a process whose amplitude does not depend simply on cos2p, such as multiple scattering (17).
Our interpretations contrast in some respects with those reported by Klein and colleagues (1-3) from unoriented samples. Although it is not possible to deduce an unambiguous structure for the active site from the present data, some structural ele-SCIENCE, VOL. 243 Fig. 2 
